The experimental production of pulmonary atherosclerosis was studied in 39 rabbits. Variables examined included age, pulmonary hypertension after pneumonectomy, and high-fat diet. Right ventricular pressures were measured and then stress-strain elasticity' measurements and histologic examination were made of the pulmonary arteries. High-fat diet alone produced neither right ventricular hypertension nor pulmonary atherosclerosis. Right ventricular hypertension occurred after pneumonectomy alone, but there were no anatomic changes unless the rabbits had eaten a high-fat diet. Pneumonectomy plus a high-fat diet was followed by persistent hypertension with right ventricular systolic pressures more than twice control values and by progressive pulmonary atherosclerosis consisting of discrete atheromata in the larger vessels and intimal fibrosis in the smaller arteries. No pathologic or physiologic differences were observed between the changes in the older (24 months) rabbits and the younger (6 months) ones, except in the measurements of elasticity. The old rabbit's pulmonary artery strip is slightly less extensible than that of the young rabbit, but pneumonectomy and high-fat diet did not reduce extensibility further. These preparations may serve adequately for the experimental study of pulmonary atherosclerosis.
, fibrin (5, 6) , or carbon (7) , are added that pulmonary atherosclerosis occurs regularly. Such results with emboli have limited significance because they reflect a focal response to injury. In the present study we have endeavored to produce more uniform pulmonary atherosclerosis induced by pulmonary hypertension following pneumonectomy in addition to a high-fat diet. We have used both young adult rabbits and rabbits in late middle age and have measured right heart pressures and length-tension relationships of pulmonary artery strips, in addition to anatomic examination.
Methods
New Zealand white rabbits were used; they were either 2 years old weighing approximately 3.5 kg or 6 months of age weighing 1.8 kg. The general design of the experimental groups is summarized in Table 1 . Six groups were used in order to evaluate the experimental variables of age, pneumonectomy, and diet, singly or in Catheterization.-Right heart catheterization was performed with the rabbit supine on a conventional rabbit board. The rabbit had no medication; the method used was similar to that of Lehr et al. (8) . Under local anesthesia with procaine, a cut-down was performed on either the external jugular vein or the femoral vein. A catheter (polyethylene, PE60) with a curved distal end (radius, 1 cm) was used. The proximal end was connected to a Statham strain gauge (P23BB) that recorded on a Sanborn multichannel recorder. The catheter was generally easily passed along the vein into the right ventricle, as demonstrated by characteristic pressure tracing. With further manipulation, the catheter could be passed into the pulmonary artery in approximately one-fourth of the procedures. We observed no distress at this point as had been occasionally observed bv other workers (8) . Right ventricular and pulmonary artery systolic pressures were identical in this procedure, but because we were only partially successful in entering the pulmonary artery, only right ventricular pressures are reported in Table  1 . Respiratory pressure variations-of 5 to 8 mm Hg occurred, but only expiratory levels are presented in Table 1 .
Pneumonectomy.-The rabbit is a very fragile animal and significant surgical procedures and anesthesia generally have a high mortality. We encountered considerable difficulty with anesthesia; electro-anesthesia, open-drop ether, and intravenous pentobarbital were unsatisfactory. Eventually we used chlorpromazine (10 mg/kg) and propantheline (8 mg/kg) intramuscularly followed by intravenous pentobarbital (60 to 90 mg). 1 Ventilation was maintained by tracheal intubation with an uncuffed polyvinyl tube (diameter 4.7 mm) and positive-pressure ventilation by a Bird respirator. A left pneumonectomy was done according to the technique of Holland (9), and the incision closed without drains. Procaine penicillin (100,000 units intramuscularly) was given postoperatively. After the procedure the rabbits were placed under an infrared lamp for 1 hour to keep them warm. In general, the rabbits were awake 3 hours after surgery. The mortality rate was 22%.
Diet. cholesterol and oxycholesterol), was added in a dose of 2 g/kg daily to a diet of rabbit chow by emulsification. The rabbits ate and tolerated this mixture well. Serum cholesterol was measured in several rabbits after a few weeks on this diet.
Elasticity of the Arterial Wall (10) (11) (12) .-The animals were killed after catheterization and Atheroma after lanolin diet alone (+, group 11, Table  1 ). Arrow points to single plaque. Other light areas in this figure and in Figure 3 are highlights.
FIGURE 3
Atheromatous changes f + -f + . group Ilia, Table 1 a helical strip 2 or 3 mm wide and 3 cm long was cut from the main pulmonary artery; the loose adventitial connective tissue was stripped off. The resting length at the time of lengthtension measurements was variably shorter in each case. Pulmonary artery thickness was measured by placing the strip between two microscopic slides and, using a micrometer, measuring the thickness of this combination less that of the thickness of the slides themselves. Thickness was remarkably uniform in all experimental groups, ranging from 0.12 to 0.16 mm. A tensiometer (Instron No. T.M.) was used to produce lengthtension diagrams of the strip. The units of measurement are expressed in grams per square millimeter and percent change in length in order to account for variability in the length and area dimensions.
Histologic Examination.-The degree of atheromatous change was estimated in the main pulmonary artery grossly with the aid of a hand lens. The specimens were then fixed in formalin and stained with van Gieson's elastic stain. We examined histologic sections of the main pulmonary artery and muscular arteries at the level 1 cm proximal to the interlobular fissure of the right diaphragmatic lobe. We specifically looked for hypertrophy or increase in elastic tissue of
FIGURE 4
Marked atheromatous changes (+ + + , group IV, 
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FIGURE 5
Transverse section through atheruma of a main pulmonary artery from a rabbit on lanolin diet for 3 months after pneumonectomy. (Elastic van Cieson.)
the media, the extent of atheromata in the intima of larger vessels, and intimal thickening in the muscular arteries. Minor focal thickening was occasionally seen in the controls, but confluent intimal thickening was the significant lesion seen only in the muscular arteries in the experimental groups.
Results
Results of the cardiac catheterization studies are summarized in Table 1 . Pulmonary artery pressures in the 6-month-old control rabbits ranged from 23 to 30 mm Hg systolic (mean 25) and 7 to 10 mm Hg diastolic (mean 10), and in the 24-month-old controls from 19 to 30 mm Hg systolic (mean 25) and 10 to 16 mm Hg diastolic (mean 11). Because too few observations were made in the other groups, only right ventricular pressures are included in Table 1 . Prior to any procedures, right ventricular systolic pressure was identical in young and old rabbits. There was no significant difference between young and older rabbits subsequent to pneuOrcuUtion Rtiurcb, Vol XX, M*j 1967 monectomy and a high-fat diet. During pneumonectomy, pressures were monitored in 4 animals; no significant hypertension occurred. However, as early as 2 weeks after pneumonectomy, right ventricular pressure increased II to 19 mm Hg (Group I). The pressure increase was about the same 13 and 25 weeks after pneumonectomy in the animals on the normal diet (Groups V and VI), but was greater in those on the lanolin diet (Groups III and IV). No changes in right ventricular pressure were found in rabbits after 3 months of high-fat diet alone (Group II, catheterized before pneumonectomy). No increase in right ventricular diastolic pressure was found in any animal.
The studies of elasticity of the main pulmonary artery as determined from lengthtension relationships are summarized in Figure 1 . The old rabbit's pulmonary artery is Transverse section of a muscular pulmonary artery that shows intimal fibrosis. Rabbit was maintained on lanolin diet for 6 months after pneumonectomy. (Elastic van Cieson.) less extensible than that of the young rabbit; high-fat diet and pneumonectomy did not produce any significant effect on pulmonary artery extensibility in older rabbits. No data on the elastic effects after pneumonectomy alone were obtainable.
Serum cholesterol averaged over 500 mg/ 100 ml in the rabbits eating the lanolin diet and 100 mg/100 ml in the control rabbits. Five animals were tested in each of these two categories.
The following pathologic changes were observed in Groups II, III, and IV: plaques of superficial atheromata were found in the main and elastic pulmonary arteries. These consisted of foam cell accumulations and were distributed focally over the intima. In the small arteries the intima was thickened diffusely by an elastofibrosis. The estimation of degree of atheromatous changes in each group is explained in the legend with Table 1 . Atheromatous changes were uniformly distributed from the main pulmonary artery down to the smaller muscular pulmonary arteries but only appear after the combined pneumonectomy and high-fat diet. These changes are illustrated in Figures 2 to 6 , showing approximately 1+, 2+, and 3+ changes according to the classification noted in Table 1 . Despite the presence of intimal changes, right ventricular hypertension, and changes in the elastic properties of the pulmonary arteries, no significant changes in elastic tissue in the media of any of the vessels could be seen.
Significant atherosclerosis of the aorta was found in Groups II, III and IV. In these three groups, there were extensive atheromatous changes in the aortic arch; in Group IV, there was also extensive change in the abdominal aorta.
Discussion
Under the conditions of this experiment, it seems clear that more than one factor must be present in order to produce pulmonary atherosclerosis. High-fat diet alone is known to produce systemic but not pulmonary atherosclerosis. Pulmonary hypertension, resulting from pneumonectomy alone and sustained for 3 months, produced no significant atherosclerosis. Aging alone produced no visible changes. However, atheromatous changes at several levels in the pulmonary arterial tree could regularly be produced by the combination of diet and hypertension. Pneumonectomy plus lanolin diet produced persistent hypertension and progressive atherosclerosis. Age did not appear to potentiate the changes.
While our general purpose has been formulation of an experimental model for the production and study of pulmonary atherosclerosis, certain comparisons with the disease in humans and other animals may be noted. A major difference is that pneumonectomy produces only transient or mild pulmonary hypertension in man if his contralateral lung is normal (13) . Indeed in the classic studies of Coumand et al. (14) , normal pulmonary tension was recorded up to 11 years after pneumonectomy. In other species, such as the dog, pneumonectomy will not produce hypertension unless the procedure is done in the newborn (15, 16) , or unless more than 15% of the lung volume is removed (17) .
One major similarity is the dissociation of systemic and pulmonary atherosclerosis in man as well as experimentally in the rabbit. Certain factors such as hypercholesteremia, which is clearly associated with systemic atherosclerosis in man and rabbit, have been shown to produce no pulmonary hypertension and negligible pulmonary atherosclerosis in the rabbit (18) , a finding which this study confirms. Conversely, pulmonary atherosclerosis in man is most frequently associated with pulmonary hypertension, high pulmonary blood flows, or both, as found in vascular occlusive diseases, shunts, and hypoxia, although the systemic circulation may be uninvolved in such cases. Heath et al. (19) have demonstrated the importance of this relationship, and our results agree with this concept.
